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ABSTRACT

We exam ned the age structure and status of the U S. southern
Atl antic stock of black sea bass, using recorded and estinmated
| andings and size frequencies of fish from comercial,
recreational, and headboat fisheries from1979-1995. Estimates of
annual , age-specific fishing nortality (F) for different |evels of
natural nortality (M= 0.2, 0.3, and 0.4 yr'') were obtained from
annual | andi ngs i n nunbers at age by application of both separable
and calibrated virtual population analyses (VPA). Fi shery
i ndependent dat a fr om MARMAP hook-and-1ine and trap gears were used
in the calibration procedure.

Mrtality levels (F) ranged fromO0.6 to 1.7 between 1979 and
1995 for fully recruited ages (4-7) (M = 0.3), while spawning
potential ratios ranged from 44% to 60% based on mature fenale
bi omass and from20%to 32%based on total mature (nmal e and femal e)
bi omass fromthe separable VPA. Simlarly, nortality levels (F)
ranged fromO0.6 to 1.5 between 1979 and 1995 for fully recruited
ages (4-7) (M= 0.3), while spawing potential ratios ranged from
47%t o 58%based on mature femal e bi omass and from21%to 31%based
on total mature biomass fromthe calibrated VPA. Because bl ack sea
bass are protogynous hermaphrodites (transformng fromfemales to
mal es) and the effect of changes in popul ati on abundance on sex
transformations is unknown, the percent reduction in nmales to
females was estimated based solely on increased nortality by

fishing. Thus, the use of spawni ng potential rati o based on total



mat ure bi omass was used for conparison to biological reference
poi nt s.

In spite of retrospective problens with overestimation of F
(and hence underestimation of SPR) in the current year, declining
recrui tnment, headboat CPE, and MARMAP Survey CPE beginning in the
m d-1980"' s rai se concerns about potential overfishing. Although
the decline in recruitnment may be largely environnental ly driven,
resultant | ower productivity increases the risk of overfishing at

this tine.



| nt r oducti on

Bl ack sea bass, Centropristis striata, al so call ed bl ackfi sh,

is anmenber of the fam |y Serrani dae and i nhabits conti nental shelf
wat ers, predom nantly between Cape Canaveral, Florida, and Cape
Cod, Massachusetts (Mercer 1989). Two popul ations are thought to
occur along the Atlantic coast, separated by Cape Hatteras, North
Carolina (Mercer 1989, Shepherd 1991). Black sea bass occur in
depths of 2-120 m but nopst adults are found in 20 to 60 m ( Mercer
1989) . Al t hough black sea bass north of Cape Hatteras are
m gratory, novenents of those south of Cape Hatteras are limted
and less well-defined (Ansley and Davis 1981, Collins et al. in
press).

Spawni ng for black sea bass occurs fromJanuary through June
along the U S. southern Atlantic coast, peaking fromMarch to May
(Mercer 1989). Wenner et al. (1986) al so found ovarian activity in
Sept enber and suggested a snall fall spawn probably extending into
Cctober. They found nmat ure gonads i n none of the fenal es at age O,
48. 4% at age 1, 90.3% at age 2, 99.1% at age 3, and 100% at al l
ol der ages. Black sea bass are protogynous hermaphrodites, but
mature males occur in all age groups (Table 1). Because the
transitional period is on the order of weeks to a few nonths, the
transitional stage is conbined with males for cal culation of sex
ratios used in the analyses that follow.  Wenner et al. (1986)
provided several relationships for estimating fecundity from

| ength, weight, or age.



At the request of the South Atlantic Fishery Managenent
Counci | (SAFMC), this anal ysis of the status of stock for bl ack sea
bass south of Cape Hatteras through the east coast of Florida was
conducted to update that of Vaughan et al. (1995). The earlier
anal ysi s used conmmercial, recreational, and headboat data through
1990. The new anal ysis revises the historical data and adds five
nore years of fisheries-dependent data to the analysis. Also, the
earlier analysis used only the uncalibrated separable virtual
popul ati on anal ysis (SVPA) of Pope and Shepherd (1982). This new
anal ysis, uses not only the uncalibrated separabl e approach, but
al so uses a calibrated approach based on ADAPT (Gavaris 1988).

In this report we conpute and docunent changes in age
structure and popul ation size of black sea bass found off the
eastern Atl antic Coast of the United States south of Cape Hatt eras,
North Caroli na. Specifically, given age-specific estimtes of
i nst ant aneous fishing nortality rates and information on growth,
sex ratios, maturity and fecundity, anal yses of yield per recruit
(YPR) and spawning potential ratio (SPR) are used to determ ne

status of the U S. southern Atlantic bl ack sea bass stock.



Met hods

There are three fisheries for black sea bass: comercial,
recreational, and headboat. The commercial fishery is principally
prosecuted by blackfish traps and by hook-and-line, with sone
| andings by trawl. The recreational fishery includes fishing from
shore, and fromprivate and charter boats. For sanpling purposes,
the headboat fishery (charter-type operations that charge
recreational fisherman per person or "head") i s consi dered separate
fromthe recreational fishery. Annual catch (nunmber and wei ght)
and | ength data fromthese three fisheries, together with | ength at
age i nformati on, perm tted devel opnent of a catch-in-nunbers-at-age
matrix (or sinply catch matrix) for 1979-1995.

Devel opnent of estimates of catch in nunbers at age all ows
application of catch curve approaches either by year class or
fishing year for estimation of Z. | ndependent estimtes of
i nst ant aneous natural nortality (M, based on life history
relationships (Pauly 1979, Hoenig 1983), permt estinmation of
i nst ant aneous fishing nortality rates (F=2- M. Separable and
calibrated virtual popul ation analysis (Doubl eday 1976; Pope and
Shepherd 1982, 1985; and Gavaris 1988) are used to reconstruct the
esti mat es of annual age-specific popul ation size and i nst ant aneous

fishing nortality rates (F) for 1979-1995.

Devel opnment of Catch-in-Nunbers-at-Age Matrix

Dat a f or devel opnent of the catch-in-nunbers-at-age matrix for
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the study area of the U.S. southern Atlantic coast (M am , Florida,
to Cape Hatteras, North Carolina) conme from several sources

Commerci al fishery data are obtai ned fromNMS ( Sout heast Fi sheries
Sci ence Center, Beaufort, NC, and Mam, FL) from the Genera

Canvas data base (for catch statistics, 1972-1995) and from the
Trip Interview Program (TIP) data base (for |length and wei ght
statistics, 1983-1995). Recreational catch estimates and | ength
and wei ght i nformati on are obt ai ned t hrough t he Mari ne Recreati onal
Fisheries Statistics Survey (MRFSS) data base (NVFS, Washi ngton

DC) for 1979-1995. Headboat catch estimates and | ength and wei ght
sanpl ing data are obtained fromNWS (Sout heast Fisheries Science
Center, Beaufort, NC) for 1975-1990. Fishery-independent |ength,
wei ght and age data from commercial gears (hook-and-Iline and
several types of traps, 1979-1995) are from the MARMAP (Mari ne
Resources Monitoring, Assessnent, and Prediction) Program (South
Carolina Departnent of Natural Resources, Charleston).

Estimation of catch in nunbers at age is the sanme as in
Vaughan et al. (1995). The basic approach consists of multiplying
the catch in nunbers (n, scalar) by an age-length key (A, matrix)
by a | ength-frequency distribution (L, vector) to obtain catch in

nunbers at age (N, vector):

Naxl = n'Aaxb. beli
(1)

where a is the nunber of ages (e.g., ages 0 to 8+ years) and b is
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the nunber of length intervals (e.g., 1 inch increnents from 2
inches to 20+ inches). |If catchis available only in weight (asis
the case with comrercial |andings), then catch is converted to
nunbers by dividing catch i n wei ght by nmean wei ght per fish | anded
for the sanme fishery/gear, tinme period (annual), and geographic
region (U.S. southern Atlantic coast). Length data for a given
fishery/gear is convertedto wei ght by aweight-Iengthrelationship
and t he average nean wei ght per fish for that fishery is cal cul ated

annual | y.

Hi storical Landings. Adj ustnents are necessary to obtain

comrercial landings for the area of interest. Because all black
sea bass caught north of Cape Hatteras are assuned to belong to a
separate stock from that south of Cape Hatteras, North Carolina
comrerci al | andi ngs needed to be divided at Cape Hatteras. As in
Vaughan et al. (1995), all reported fish trawl |andi ngs (NMFS gear
code 210, General Canvas data) fromNorth Carolina are assuned to
have t aken pl ace north of Cape Hatteras (although sone catches from
north of Cape Hatteras are | anded south of Cape Hatteras), while
reported | andi ngs fromall other comrerci al gears (nostly traps and
hook-and-1ine) are assuned to take place south of Cape Hatteras
(Nel son Johnson, NMFS Beaufort Laboratory, Beaufort, North
Carolina, pers. comm). To obtain annual |andings in nunbers by
gear from annual catch in weight by gear, landings in weight by
gear (General Canvas data) are divided by nean weight of fish

| anded by that gear (TIP data).



Esti mates of the recreational catch statistics in weight and
nunmbers are obtained from the Marine Recreational Fishery
Statistics Survey conducted from 1979 through 1995 (Gay et al.
1994; http://renora.ssp.nnfs.gov/index.htm ). Three catch types
are defined for the recreational fishery: Type Arefers to catches
that are available for identification and neasurenents; and Type B
refers to catches that are not available for identification or
measur enent . The latter category is subdivided into: Type Bl
catches, used for bait, filleted, discarded dead, etc.; and Type B2
catches, released alive. A relatively large percentage of the
catch was type B (64% 8% Type Bl and 56% Type B2) for black sea
bass for the period 1991-1995, simlar to recent | evels of Type B2
caught fish in the south Atlantic red drum recreational fishery
(Vaughan 1996). W used a 5% post-release nortality (Bugley and
Shepherd 1991) to include a portion of the type B2 fish in the
| andi ngs, al though Collins (in press) concluded that post-rel ease
nortality varied with depth and could be nuch greater than 5%

Two additional adjustnments are required before the
recreational catch data coul d be i ncorporatedintothe catch-at-age
matrix. North Carolina recreational catch estimates for the area
north of Cape Hatteras, and headboat catch estimates from 1979
through 1985 (duplicated with a separate headboat sanpling
progran), had to be subtracted fromtotal recreational catch. The
IVRFSS provi ded post-stratifiedestimates of bl ack sea bass | andi ngs
north and south of Cape Hatteras for the state of North Carolina

(see http site above). Intercept sanpling for length is assuned
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proportional to catch for separating headboat from party/charter
boat nodes.

Headboat | andings for the period 1979-1985 are adjusted by
state. About 1293 of the 1306 intercept sanples (e.g., length
measur enent s) in Florida identified under the conbined
charter/headboat node are from headboats, so about 99% of the
| andings for this node are estinmated as from headboats, and the
remai ning 1%fromcharter boats. Simlarly, an estimte of about
50% of the charter/headboat node |andings in Georgia are from
charter boats, 20% in South Carolina, and 19% in North Carolina
(south of Hatteras) based on intercept sanples.

Headboat |andings are estinmated from the NWS Beaufort
Laboratory sanpling program(D xon and Huntsman, in press). To aid
in distinguishing from charter boats (sanpled by MRFSS), which
ordinarily charge by the trip, the working definition for headboat
is any vessel that usually carries 15 or nore passengers regardl ess
of manner of paynent. Headboat | andi ngs i n wei ght and nunbers are
avai |l abl e for North and South Carolina from1975 t hrough 1995. Al
North Carol i na headboat | andings are fromsouth of Cape Hatteras,
so no adjustnents were needed. Estimted |andings for northeast
Florida (south to Sebastian) are available from1976 t hrough 1995,
and for southeast Florida (from Fort Pierce through Mam ) from
1981 t hrough 1995.

Total headboat effort in angler days and catch of black sea
bass in weight per unit effort are available for the same tine

period (1975-1995 for North and South Carolina, 1976-1995 for
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nort heast Florida, and 1981-1990 for sout heast Florida). Catch per
effort (CPE) is calculated by dividing catch in nunbers by effort
i n angl er days.

Weight is related by power function to total length for U. S
southern Atlantic black sea bass collected from the three
fisheries. Fi shery-specific relationships, conbined with the
appropriate | ength frequency data, are used to esti mat e nean wei ght
for a given fishery/gear/year. These regressions are conducted in
a wei ghted manner, weighted by catch in nunbers over subsets of
time (seasonally or by 2-nonth wave) and area (generally by

states).

Length Frequency Distributions. Conmercial | ength and wei ght data

are avai l abl e fromsanpl i ng of comrerci al | andi ngs t hrough t he NVFS
Trip Interview Program (Tl P) database between 1984 through 1995
fromNorth Carolina through the east coast of Florida. Only North
Carolina data are available for 1983. North Carolina fish traw
data were elimnated from consideration because we assuned they
came from catches made north of Cape Hatteras.

Annual | ength frequency di stributions for commerci al hook-and-
line, traps and trawls (from other than North Carolina) are
avai |l abl e from1983-1990. Wth traw | andi ngs being m nuscul e and
few fish sanpl ed (248), one overall |ength frequency distribution
is used for all years 1979-1995. Because of | ow sanple size (41)
for commercial trap lengths in 1986, the nean |ength frequency

distribution for the bracketing years (1985 and 1987) is used in
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its place. Al length frequency distributions are wei ghted by
catch i n nunber caught during that gear, year, season (quarterly),
and state.

The MARMAP Program col | ects standardi zed trap and hook- and-
line data annually in the South Atlantic Bight (Collins and
Sedberry 1991). The geographi c scope of MARMAP i s Cape Hatteras to
Cape Canaveral, but with nost sanpling between Cape Fear and
Jacksonville, Florida. The seasonal scope for reef fish sanpling
islate springthrough summer (generally md- tolate April through
Sept enber) . The data used in this analysis cone from severa
gears: Hook-and-1ine (1979-1995), Blackfish traps (1979-1989),
Fl ori da snapper traps (1980-1989), and Chevron traps (1988-1995).
Lengt h frequency di stribution for bl ack sea bass (neasured intotal
length to the nearest centineter) are estimted by gear for the
years avail abl e.

As in Vaughan et al. (1995), MARMAP hook-and-line and
bl ackfish trap | ength data are used to i ncrease the nunber of years
avai |l abl e for anal ysis. Because scientific sanpling and comrerci al
fishing serve different purposes, the MARMAP |ength frequency
distributions for 1979-1983 could not be directly substituted for
t he correspondi ng m ssi ng comrer ci al  ength frequency
distributions. Median |engths calculated fromthe comercial and
scientific hook-and-1ine and bl ackfish trap data sets are conpared
separately. No-intercept regressions are perforned for each gear
to devel op scaling factors (1.28 + 0.01 for hook-and-line and 1.14

+ 0.02 for blackfish traps) by which to nmultiply the pooled
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comrerci al |l ength frequency distribution (1984-1988) for hook-and-
line and traps. The | ength frequency di stributions for these gears
for 1979-1983 are generated fromthese scaling factor. Hence, the
shape of the comrercial hook-and-line and blackfish trap |length
frequency distributions are maintained, while using the
relati onshi p between MARVAP and correspondi ng commerci al data for
the sanme gear sinply for scaling. The relationship between nedi an
| engths fromconmerci al and MARMAP data i s quite good for hook-and-
line, and not as good for blackfish traps. Al though the majority
of comercial landings (67% are by traps, commercial |andings
general |y made up about athird of total | andi ngs during 1979-1983,
so potential bias is mninal. Hence, annual |ength frequency
distributions for the period 1979-1995 are avail able for each of
the three gears (hook-and-line, traps and trawls) to use in
devel opi ng the catch-in-nunbers-at-age matri Xx.

Recreational length frequency distributions from the MRFSS
data base are available from 1979-1995. Al length frequency
di stributions are wei ghted by catch i n nunber (A+Bl) caught during
that node, season (2-nonth wave), and state. Headboat | ength
frequency distributions fromthe MRFSS (1979-1985) are not used in
t he devel opnent of the catch-in-nunbers-at-age matri x.

Annual headboat |ength frequency distributions from NWMS
Beaufort Laboratory are avail able for the period 1974-1995. Only
those from 1979- 1995 are used i n devel opi ng the cat ch-in-nunbers-
at-age matrix. All length frequency distributions are wei ghted by

catch in nunber caught during that season (Jan-Muy, Jun-Aug, Sep-
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Dec), and state (NC, SC, NE FL, and SE FL).

Age- Length Keys. Age-length data are from MARVAP program sanpl es

taken fromthe South Atlantic Bight during 1978-1995. Bl ack sea
bass were collected with a variety of gears, but primarily with
bl ackfish traps, Florida snapper traps, and nore recently Chevron
traps (Collins 1990), and hook-and-line. Wights (nearest g) and
Il engths (total and standard, nearest mm) were recorded, and
otoliths (sagittae) were renoved and stored dry. Qoliths were
exam ned whol e under reflected | ight with a di ssecting m croscope,
and age esti mat es wer e based on t he nunber of opaque zones vi si bl e.
Good evi dence for the annual nature of these opaque zones (margi nal
i ncrenment anal ysis) was derived froma subset (1978-1981) of these
speci nrens (Wenner et al. 1986).

Gowhintotal Iength as a function of age was fit to the von
Bertal anffy (1938) grow h equati on usi ng nonlinear regressionwth
the Marquardt option (SASInstitute Inc. 1987). Initial estimtes
of the paraneters were done using all avail abl e neasurenents from
1978 through 1995 with equal weights. Total |ength rather than
standard, and inches rather than centinmeters were used in the
anal yses because nmanagenent neasures such as mninmum or maxi num
size limts are all based on total |length in inches.

Esti mati on of growth paraneters becones a probl emwhen | arge
nunbers of young fish and few old fish are available for fitting
paraneters (Vaughan and Kanciruk 1982). Only one bl ack sea bass

out of 17,918 was 20" or longer in total |ength. Hence, weighting
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by the i nverse of the nunber of fish of each age was used to reduce
the effect of the | arge nunbers of younger fish and increase the
relative weight of the few, older fish. This approach was applied
to all data fromthe MARVAP sanpling program (1978-1995) (all age
O fishwere del eted fromconsiderationincurve fitting procedure).

Age-length keys (matrices) are needed to convert |ength
frequency distributions to age frequency di stributions. These keys
wer e devel oped fromthe sane MARVAP data used in estinmating von
Bertal anffy growth paraneters (n = 17,918). The keys consi st of
the proportion of fish of each age sanpled from a given |ength
interval. For devel opnent of the catch-in-nunbers-at-age matrix
that follows, we first devel oped an overall age length key for
1978-1995 with total length divided into 1 inch increnents from?2"
to 20+" and ages O through 8+ years. Next, separate keys were
devel oped for three tenporal periods (1978-1985, 1986-1990, and
1991-1995). The first two tenporal periods were those used in
Vaughan et al. (1995). Finally annual age-length keys were
devel oped for 1979 through 1995. Wen fewer than 10 fish were
avai l able for a given length interval, data were used froma key
representing a time period of greater duration. Total | engths
greater than 20" (one i ndividual) and ages greater than 8 years (16
i ndividuals) are pooled with Ilengths of 20" and 8 years,

respectively.

Cat ch-in-Nunbers-at-Age Matrix. Annual application of Eq. (1) to

each fishery/gear (comrercial hook-and-line, comrercial traps,
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commercial traws, recreational, and headboat) were perforned
separately and accunul ated f or each year to obtai n annual esti mates
of catch in nunbers at age for 1979-1995 (referred to as catch
matrix). Eq. (1) was also applied annually to the MARMAP Survey
estimates of black sea bass catch per effort (CPE) and
correspondi ng | ength frequency data for each gear as avail abl e from
1979- 1995 to obtain age-specific calibration indices (Hook-and-

Li ne, and Bl ackfish, Florida snapper, and Chevron traps).
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Mortality and Popul ati on Dynam cs

| nstant aneous total nortality rate (Z) was estinmated from
catch curve analysis (Ricker 1975) by year class (cohort) and
fishing year fromthe fishery-dependent catch matrix. Estimtes
were obtained by regressing the natural logarithm of catch in
nunber s agai nst age for fully recruited ages (descendi ng ri ght-hand

linmb, ages 4 through 7).

Nat ur al Mortality. Pauly (1979) obtained the follow ng

relationship for estimating Mbased on growt h paraneters and nean

envi ronnment al tenperature:

| og,,M = 0.0066 - 0.279'1og,,L. +
0. 65431 og,,k + 0.4634'| 0g,,T (2)

where Mequal s i nstantaneous natural nortality rate, L. (cm and k
(yr'') are parameters fromthe von Bertal anffy growth equati on, and
T (°C) is nean environnental tenperature. A tenperature of 20°C
(Charles Wnner, South Carolina WMrine Resources Research
Institute, Charleston, pers. comm) was used to represent nean
near shore tenperature of f of Charl eston, South Carolina. Estimates
of M based on Pauly's (1979) approach ranged from 0.2 to O.6.
Lower estinmates of Mare associated with higher estinmates of L. and
| ower estimates of k.

Another |ife history approach suggested by Hoenig (1983) is
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based on the maxi num age observed in the popul ati on. Because the
rel ati onship he devel oped is based on Z, instead of M the nmaxi mum
age in the unfished population (F=0; M= Z-F) would provide an
estimate of M The oldest fish in the MARVMAP data set was age 10,
yielding an estimate of Mequal to 0.4. Hi gher ages provide | ower
estimates of M suggesting that 0.4 should be viewed as a maxi num
Reports of black sea bass as old as age 20 ( SEFSC 1995) suggest a
m ni mum esti mate of Mequal to 0.2. As in Vaughan et al. (1995),
nost of our anal yses are based on Mequal to 0.3, wth additional

anal yses for Mequal to 0.2 and 0. 4.

Fishing Mrtality. The catch matrix was interpreted using two

different virtual popul ation analysis (VPA) approaches to obtain
annual age-specific estimtes of population size and fishing
nortality rates. Virtual population analysis sequentially
estimates popul ation size and fishing nortality rates for younger
ages of a cohort froma starting value of fishing nortality for the
ol dest age (Murphy 1965). An estimate of natural nortality,
usual | y assuned const ant across years and ages, was al so required.
The separable nethod of Doubl eday (1976) assunes that age- and
year-specific estimates of F can be separated i nto products of age
and year conponents. W used t he FORTRAN programdevel oped by C ay
(1990), based on Pope and Shepherd (1982).

Addi tionally, we used a second nethod that calibrates the VPA
to fishery-independent indices of abundance (Pope and Shepherd

1985). The specific calibration approach was that devel oped by
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Gavaris (1988) and nodified by Dr. Victor Restrepo (Cooperative
Institute of Fisheries Cceanography, University of Mam , M am
FL) as the program FADAPT. Indices for calibration were obtained
from MARVAP data for hook-and-line and several traps (Bl ackfish,
Fl ori da snapper, and nore recently Chevron traps).

The catch matrix anal yzed consisted of catch in nunbers for
ages 1 through 7 and fishing years 1979 through 1995 (parti al
recruitnment for age O black sea bass was essentially 0 for all
years). For the SVPA, starting values for F were based on t he nean
of the final three year class (1987-1989) estimates of Z (1.0 yr%)
and final F obtained by subtracting M from Z Sensitivity of
estimated F to uncertainty in Mwas i nvesti gated by conducting the
above VPAs with alternate values of M (0.2 and 0.4). A starting
partial recruitnment vector for FADAPT was based on an SVPA run for
the period 1990-1995 (this mnim zed the coefficient of variation
based on several SVPA runs of varying duration with final year of
1995) . Retrospective analyses were conducted for both VPA
approaches to investigate the potential for bias in F for the nost
recent years by varying the final year used in the analysis from
1990 to 1995 (initial year was 1979 throughout). The difference
bet ween estimates of F from historical data (last year of catch
matri x used was varied between 1990 and 1994) and from the ful
catch matrix (last year of catch matrix used was 1995) were

conpar ed.

Yield per Recruit. Equil i brium yield per recruit analysis was
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conduct ed based on the net hod of Ricker (1975), who subdi vi ded t he
exploited phase into a nunber of segnents (e.g., years) during
which nortality and growh rates are assuned constant. Thi s
approach permts i nstantaneous natural and fishing nortality rates
to vary during the fishable |ife span and permts a general growth
pattern to be used. Total equilibrium yield per recruit is
obtai ned by summ ng the catches in each segnent over the tota
nunber of segnments. |Input data were based on both sexes and al

years conbi ned.

Spawni ng Potential Ratio. Gabriel et al. (1989) devel oped maxi mum

spawni ng potential (%vSP) as a biological reference point. The
currently favored acronym for this approach is referred to as
spawni ng potential ratio (SPR). A recent evaluation of this
reference point is given in a report by the GQulf of Mexico SPR
Managenent Strategy Commttee (1996) for the Gul f of Mexico Fi shery
Managenment Council (see al so Mace and Si ssenw ne (1993), and Mace
(1994)). Equilibrium SPR was cal cul ated as a ratio of spawning
stock size when fishing nortality was equal to the observed or
estimated F divided by the spawni ng stock size cal cul ated when F
equal to zero. All other life history paranmeters were held
constant (e.g., maturity schedul e and age-specific sex ratios).
Hence, the estimate of equilibrium SPR increases as fishing
nortality decreases.

Conpari sons of age-specific spawni ng stock bi onass were based

on mature femal e bi omass, egg production, or even on total nmature
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bi omass (both nal es and fenal es). To address the change in male to
female ratio with increasing nortality, we estinmate the reduction
in the proportion of nature males to nature males and fermales in
numbers conpared to what that proportion would be when F equals
zero.

We used the rel ati onshi p between fecundity (E, nunber of eggs)
and total length (TL, mm) based on the |east-squares |inear-

regression equation (r? = 0.62, n = 115) (Wenner et al. 1986):
log,, E = -0.605 + 2.335 (log,, TL), (3)

to provide an alternative to femal e spawni ng stock bionmass as a

measure of spawning potential. Separate sex-based growth

relationships were wused for mles and females in these

cal cul ati ons.
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Resul ts

Hi storical Data. For the study period (1979-1995), total | andings

in wei ght peaked at 3.6 mllion pounds in 1980, with | esser peaks
of 2.9 mllion pounds in 1982, 2.8 mIlion pounds in 1984, and 2.9
mllion pounds in 1988 (Table 2). Landings have been at or bel ow
2.0 mllion pounds since 1990, with the lowat 1.3 mllion pounds
in 1995. Peaks in total [andings in nunbers were at 4.3 mllionin
1979 (4.2 mllion the followng year), and 4.6 mllion in 1982.
During 1979-1985, the | andi ngs by wei ght were 34%comrerci al, 40%
recreational, and 26% headboat, with very simlarly break out for
1986- 1990 (35% 42% and 24% respectively). However, during 1991-
1995 commerci al | andings represented 49% by wei ght, recreational
W th 39% by wei ght, and headboat declining to 11% by wei ght.
Commerci al | andings in wei ght peaked inat 1.2 mllion pounds
in 1981 and at 1.0 mllion pounds in 1990 (Table 2). Lows were at
0.6 mllion pounds in 1987 and 1995. Simlarly, comercial
| andi ngs i n nunbers peaked in 1981 at 1.4 mllion fish and againin
1990 at 1.5 mllion fish, withlows at 0.6 mllion fishin 1987 and
1995. Since 1985, commercial trap | andi ngs by wei ght made up about
67% of all commercial |andings, with comercial hook-and-I|ine
| andi ngs maki ng up about 32% and trawl the remaining 1%
Recreational | andings in weight fluctuated between 0.3 mllion
pounds in 1981 and 1.5 mllion pounds in 1984, wth val ues
remaining below 0.8 mllion pounds for 1990-1995 (Table 2).
Recreational Ilandings in nunbers during the period 1979-1995
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generally declined froma high of 2.6 mllion fish in 1979 to 0.6
mllion fish (A + Bl + 5%B2) in 1995.

Simlarly, headboat |andings declined from a high of 0.7
mllion fish (weighing 1.2 mllion pounds) in 1982 to 0.2 mllion
fish (weighing 0.1 mllion pounds) in 1995 (Table 2). Declining
trends in headboat catch in nunbers per angler days appear to be
present for both North and South Carolina (Fig 1a), which together
represent a large mpjority of headboat | andi ngs.

Declines in catch per effort (CPE) are also noted in indices
based on MARVAP sanpling using hook-and-1ine and traps (Fig. 1lb).
Trap effort was standardi zed by "soak tinme" and hook-and-1ine
effort by "angling time" (Collins and Sedberry 1991). There is a
preci pitous decline in hook-and-1ine CPE between 1987 and 1988.
Less drastic declines are noted in blackfish trap and Florida
snapper trap CPEs during the mddle to late 1980s. Unfortunately,
both of these indices were discontinued after 1989, while the

Chevron trap began use in 1988 with two years of overl ap.

Gowth in Wight and Length. The estimated rel ati onship for wei ght

(pounds, W as a function of total length (in, L) used in all
nodel ing applications is based on all fisheries-independent

(MARVAP) data (n = 14,783):

InW = -7.09 + 2.78 In L, (4)

where r? = 0.97 and mean squared error is 0.021.
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Paraneter estimates for the von Bertal anffy growth equation
are sunmari zed in Table 3. Different estimates of von Bertal anffy
paraneters for the three sex categories (female, transition, and
mal e) do not necessarily reflect differences in gromh. Because
there were fewold fenmales relative to nmales (due to protogyny),
greater difficultiesin paranmeter estimati on arose. However, sizes
for the ages available for inclusion in regression adequately
reflect those observed in the data, and were wuseful for
representing the observed (though small) differences in size at age

for the sexes in calculating spawning potential ratio.

Trends in Mrtality. Instantaneous total nortality rate (Z) by

year class (cohort) showed several peaks (1.8 for 1976 cohort, 1.9
for 1978 cohort and 1.8 for 1985 cohort) (Fig. 2). The | owest
estimate was 0.6 for the 1989 cohort (with only ages 4-6).
Estimates of Z by fishing year for the early period average 1.3
(ranging from0.8 in 1979 to 1.9 in 1985). This average declined
slightly for 1986-1990 to 1.2 (rangi ng between 1.0 in 1990 and 1.4
in both 1986 and 1989), and increasing again to 1.3 for 1991-1995
(ranging between 1.2 in 1991 and 1995 and 1.5 in 1992).

Annual age-specific estimates of F were obtained from the
separable VPA applied to the catch matrix (Table 4) using both
uncal i brated separable (SVPA) and cali brated (FADAPT) approaches
(Fig. 3). The calibrated approach used MARVAP catch-per-effort
(CPE) that was broken i nto gear- and age-specific val ues conpar abl e

to devel opnent of the fishery-dependent catch matrix (Table 5).
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FADAPT requires i nput of the age-specific availability of each age
in the index, so ages greater than or equal to the nodal age were
set to one, and for ages younger than the nodal age, the CPE for
t hat age was divided by the CPE for the nodal age. Estimtes of F
for age 0 were al ways | ess than 0.001, while ages 4 through 7 were
assuned fully recruited and F was aver aged over t hese ages wei ghted
by catch in nunbers for those ages (referred to as full F).

Usi ng the uncalibrated separabl e approach (SVPA) with M of
0.3, annual estimates of F (ages 1, 2, 3, 4+) tended to be higher
for the period 1979-1985 (nean of 1.1 for full F) conpared the
periods 1986-1990 and 1991-1995 (nean of 0.8 for full F for both
periods) (Fig. 3a, Table 6). The cali brated approach (FADAPT) with
Mof 0.3 showed simlar neans to the SVPA (1.1 for 1979-1985, 0.9
for full F during 1986-1990 and 1.0 for full F during 1991-1995)
(Fig. 3b, Table 7).

Bot h VPA appr oaches were conducted with Mequal to 0.2 and 0.4
(Fig. 4). Estimates of fishing nortality on fully recruited ages
show a smal | and consistent bias. Full Fis underestimated if Mis
overestimated (e.g., if M= 0.2 instead of assuned M= 0.3), and
full Fis overestimated if Mis underestimted (e.g., If M= 0.4
i nstead of assunmed M= 0. 3).

Because virtual popul ation anal yses wor ks backwards from an
assuned or starting F for the oldest age of a cohort to the
youngest age, confidence in estimated F (or popul ation size) was
| east for the nost recent estimte and converges towards "truth"

for the youngest ages. Estimates generally converged w thin about
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2 to 3 years. Fully recruited fishing nortality rates (age 4+)
were conpared for anal yses based on catch nmatrices restricted to
earlier final years (1990-1994) to anal ysi s based on conpl ete catch
matrix (1995) to determ ne whether there was any consistent bias
(Fig. 5). There was a | arge consistent bias that overestimtes F
in the nost recent year (especially for the FADAPT approach).
Slightly | ower nean values of full F were obtained fromboth the
SVPA and FADAPT approaches when 1995 was excluded fromthe third
period (1991-1994; 0.9 fromSVPA and 0.7 fromFADAPT). Subsequent
popul ati on-| evel anal yses were based on averagi ng instantaneous
fishing nortality rates for three tinme periods: 1979-1985, 1986-
1990, and 1991-1995 (Table 6 and 7).

In using FADAPT, the program was allowed to estinmate the
relative weighting anong the fishery-independent indices used in
the calibration process. Wighting varied on slightly anong the
di fferent FADAPT runs with varying M vyiel ding weights of 0.10 for
hook-and-1ine, 0.29 for blackfish trap, 0.14 for Florida snapper
trap, and 0.48 for Chevron trap. The small wei ght associated with
t he hook-and-1ine gear reduces the inpact of the large drop i n CPE
t hat occurred between 1987 and 1988, which is not observed in the
CPE associated with either the blackfish or Florida snapper gear
(Fig. 1b).

A conparison is made based on using only the hook-and-Iine
i ndex, or only the trap i ndices (w th FADAPT estimati ng wei ghts of
0.31 for Blackfish, 0.15 for Florida Snapper, and 0.54 for Chevron

traps) (Fig. 6). The sharp increase in F in the nost recent year

25



isdrivenlargely by the snall val ues of the hook-and-line index in
recent years Fig. 6a). Trap indices cause |ower values of F in
recent years (nostly 1994 and 1995). The noderate i ncrease in CPE
for the Chevron trap from1993 through 1995 is |ikely causing the
increase in recruitnent in 1995 noted in Fig. 6b, although the
FADAPT run using only hook-and-line CPE for calibration shows sone
upturn in recruitnment in 1995 as well.

Qutput from the SVPA and FADAPT approaches generally show
simlar results with the greatest divergence in the nost recent
year (Fig. 7). This divergence is nost pronounced in 1995 with
estimated recruits to age 1, and snall er divergence for estimated
full F and total bionmass (weight of fish in popul ation over ages 1

t hrough 7).

Yield per Recruit. Estimates of equilibriumyield per recruit are

sumrari zed for the SVPA (Tabl e 8) and FADAPT (Tabl e 9) approaches
for different levels of Mand three tine periods (1979-1985, 1986-
1990, and 1991-1994). Because of the bias observed in estimated F
for 1995 (Fig. 6a), estimates of F for 1995 were not included in
calculations for the late tinme period. I ncreasi ng natural
nortality led to decreasing yield per recruit. A conparison of
yield per recruit plotted against full fishingnortality (ages 4-7)
for different ages at entry ( FADAPT) showed only slight differences
between the three tinme periods (Fig. 8). Two traditional
bi ol ogi cal reference points obtained fromthe yield per recruit

approach are F_, and F,, (Sissenw ne and Shepherd 1987). Using
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estimates of F (wwth M of 0.3) from both VPA approaches, these
reference points were estimated as F,, = 0.8 and F,; = 0.4 for

fully recruited ages (Table 10).

Spawni ng Potential Ratio. Estimates of equilibrium spawning

potential ratio using estimated F (Table 6 and 7) fromthe two VPA
approaches are summarized by tinme period and assuned |evel of M
(Table 8 and 9). Because of the bias observed in estimated F for
1995 (Fig. 6a), estimates of F for 1995 were not included in
calculations for the late tinme period. Estimated equilibrium SPR
are conpared between the two VPA approaches, show ng increasing
di vergence begi nning about 1988 (when the hook-and-1ine index
dr opped precipitously) (Fig. 7d). Using FADAPT VPA estimates of F
(with Mof 0.3) for three periods, SPR estinates based on total
mat ur e bi omass, femnal e bi omass, and nmal e bi omass are conpared (Fi g.
9). Mature female biomass is |less affected by increasing F than
mature nmale biomass, precisely because the younger fish are
predom nantly fenmal es and the ol der fish are nal es. Full F that
woul d produce an esti mat ed 30% SPR was found to be greater than 2.5
for mature femal e biomass, 0.7 for total mature bionmass, and 0.4
for mature nmal e bi omass (Tabl e 10).

Corresponding estinmates were made of the reduction in
proportion of nmales in the population for three periods (Fig. 9;
RATIO). For exanple, a val ue of 60%under 'Percent Male' (Table 8
and 9) inplies that if the proportion of males in the unfished

popul ation (all nmature ages) were 50% then the introduction of
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fishing nortality woul d reduce this proportionto 30%(60%of 50% .
If the initial proportion were 10% then a reduction of 60% woul d

reduce the proportion of males to 6%
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Di scussi on and Managenent | nplications

Conpar ed to several other assessnents [e.g., red drum(Vaughan
1996), and red porgy (Vaughan et al. 1992)], the data for U S
southern Atlantic black sea bass are quite good. As in Vaughan et
al. (1995), only indirect estimation of commercial | ength frequency
di stributions for hook-and-line and traps for 1979-1983 f r om MARVAP
data was necessary to fill a data gap.

The use of 5% post-release nortality nmay be low (Collins, in
press). As noted in Vaughan et al. (1995), increasing the post-
release nortality from5%to 25%woul d i ncrease their contribution
to the total landings froml1l%to 6% Error of this nagnitude is
not likely to change the results significantly.

A maj or problemfor many stock assessnents i s obtaining good
estimates of natural nortality (M. The estimate of 0.3 used for
bl ack sea bass was based on life history analogy (Pauly 1979,
Hoenig 1983). This value was used for the stock north of Cape
Hatteras in 1991 (NEFSC 1991), but subsequently decreased to 0.2
(SARC 1996). In the SARC (1996), a nmaximum age of 15 1is
referenced, which would inply Mof 0.28 accordi ng to Hoenig (1983).
Sensitivity of Fto M(Fig. 4) does not suggest any | arge bias for
smal|l errors in M

Low (1981) obtained estimates of Franging from0.3to 0.5 (or
Z ranging fromO0.6 to 0.8 with an Mof 0.3) fromdata collected
with traps off South Carolina in 1978 and 1979. Wnner et al.

(1986) obtained higher estimtes of Z, based on trap catch curve
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analysis, ranging fromO.7 in 1978 to 1.3 in 1981, and for hook-
and-line ranging from 0.7 in 1979 to 1.4 in 1981. Qur annual
estimates of Z fromcatch curve analysis on fishing years agreed
noderately well with estimates obtai ned by Low (1981) and Wenner et
al. (1986); e.g., 0.8 in 1979 and 1.1 in 1981. Estimates of Z
(full F+ M fromthe two VPA approaches were higher (1.4 in 1979
and 1.3 in 1981 for SVPAand 1.2 in 1979 and 1.4 in 1981 for FADAPT
with Mof 0.3). Estimates fromthe VPA approaches are generally
nore accurate than from catch curves, because they conbine
information across fishing years and are not based on an
equi | i brium assunpti on

A major bias is associated with estimating fishing nortality
(F) in the nost recent year, but this bias as shown in the
retrospective analyses is principally associated with the npst
recent year (Fig. 5). In spite of this estimation problem
declining trends in headboat CPE and in CPE from MARVAP sanpling
(especially hook-and-line gear) (Fig. 1), conbined with the
observed declineinrecruits to age 1 (other than the term nal year
for FADAPT) (Fig. 7b), raise significant concerns about the
possibility of overfishing.

Yield per recruit analysis was conducted to obtain two
traditional biological reference points: F_,, and F,,. Estimates
for these two values are 0.8 and 0.4, respectively (for M= 0.3),
which are simlar to those obtained in Vaughan et al. (1995; 0.9
and 0.4, respectively). Much | ower values of these reference

poi nts were obtained for the stock north of Cape Hatteras for the
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same level of M (0.3 and 0.2, respectively, NEFSC 1991). The new
estimat es are consi stent between t he two VPA approaches. Mean full
F (0.7 for SVPA and 0.9 for FADAPT averagi ng over 1991-1994; Table
10) are simlar to F,,, but about double F,,. Estimated full F for
the early period (1.1 for 1979-1985) is above both reference
points, while estimates for the mddle period (0.8-0.9 for 1986-
1990) are greater than F,,

Esti mates of equilibrium SPR based on fenal e bi omass and egg
production are higher than 40% which is greater than the 30%
bi ol ogi cal reference point used to define overfishing by the South
Atl antic Fishery Managenent Council (SAFMC 1991). However, bl ack
sea bass are protogynous hermaphrodites with nopst sea bass
functioning initially as females and then as nules. Hence,
increasing fishing nortality on all ages reduces the proportion of
mature males to mature females. Wether this will alter the age
(and | ength) of transitionis not known, and it was not possibleto
account for the effect of popul ation density ontransfornmationrate
in popul ati on nodel s. It has been suggested that nales are
currently not limting, but the degree to which increasing fishing
nortality can cause themto becone limting is unknown. |Increased
rate of transformation from females to males due to reduced
abundance of nales, which has been reported in other protogynous
reef fish (Shapiro 1979), would lead to additional declines in
mature femal e biomass. |If females do not transformat a greater
rate when the population is depressed, then the conplenentary

concern may ari se as to whet her sufficient nunbers of mature mal es
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wi |l be present during spawni ng.

The nodal val ues of age-specific mature femal e bi omass, egg
production, and mature nal e bi omass are shifted to younger age with
i ncreasi ng F (Vaughan et al. 1995). Hence, the greatest effect of
increasing F would be on males. This is because fewer ol der fish
remain with higher F, and nost older fish are males. Thus,
estimates of SPRfor nmales are smaller than for females. Estimates
of SPR based on mature mal e bi omass ranged between 13% and 20%

The proportion of mature nales relative to mature females is
expected to be reduced to about 60%fromfishing nortality for Mof
0.3, which is not obviously suggestive that there wll be
i nsufficient nunbers of mal es for the spawni ng process. Estimates
of SPR for total nature bi omass, recommended bi ol ogi cal reference
poi nt i n Vaughan et al. (1992, 1995), were generally found to be in
the range of 21%to 31% A full Fof 0.7 wll provide an estimte
of SPR of about 30% (simlar to F_,).

Vaughan et al. (1992, 1995) suggested using total mature
popul ation bionmass as a neasure of spawing potential for
pr ot ogynous speci es, which for bl ack sea bass produces an estinate
of 25% for 1979-1985, 27% for 1986-1990. and 26% for 1991-1995
(Table 9, for Mof 0.3 using FADAPT). These val ues are bel ow the
val ue 30%typically used by the South Atlantic Fi shery Managenent
Council to define overfishing for the snapper-grouper conpl ex of
speci es (SAFMC 1991), al though it shoul d be noted t hat the val ue of
26%f or the recent periodis undoubtedly somewhat underesti mat ed as

suggested by the retrospective analysis. Wether 30%remins the
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rel evant value for the biological reference point when SPR is
estimated fromtotal nmature biomass is a separate issue.

The U. S. southern Atl antic bl ack sea bass stock i s probably in
better condition than many synpatric reef species despite heavy
fishing pressure. This is probably because of earlier age of
maturity for fenmal es (about 50% at age 1) and | ater age of ful
recruitnment to the conbined fisheries (at about age 4). Although
retrospective anal yses clearly suggest that Fis overestimated in
the current year (and hence SPR woul d be underesti mated), decli ning
estimated recruitnent, headboat CPE, and MARVMAP CPE begi nning in
the m d-1980"' s rai se significant concern of potential overfishing.
Al t hough the cause of this decline in recruitnment is difficult to
ascri be and may be | argely environnental ly driven, resultant | ower

productivity increases the risk of overfishing at this tine.
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Table 1. U. S. southern Atlantic bl ack sea bass sex conposition by
age, 1978-1982.

Age Proportion

(yr) Femal e Transition Mal e
0 0. 849 0. 015 0. 136
1 0. 829 0.072 0. 099
2 0. 686 0. 166 0. 148
3 0.571 0. 227 0. 202
4 0. 369 0. 241 0. 390
5 0. 187 0. 193 0.620
6 0. 119 0. 117 0. 764
7+ 0. 093 0. 103 0. 804
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Table 2. U.S. southern Atlantic bl ack sea bass | andi ngs i n wei ght
and nunbers by fishery caught between Cape Hatteras, NC,
and Mam, FL, 1979-1995.

Year Commer ci al Recr eat i onal Headboat Tot al

Thousands of Pounds

1979 859.1 987. 4 586. 7 2433. 2
1980 1050. 6 1891. 4 643. 6 3585.6
1981 1240. 1 333.6 711. 3 2285. 0
1982 974. 3 1178. 6 735.5 2888. 4
1983 664. 8 464. 8 723.9 1853.5
1984 645. 2 1463. 7 693. 2 2802.1
1985 599. 8 941. 1 595. 7 2136.6
1986 710.0 473. 4 562. 9 1746. 3
1987 597.2 1009. 1 646. 5 2252. 8
1988 815. 4 1467. 8 635. 2 2918. 4
1989 825.0 1180. 2 478.0 2483. 2
1990 1027.5 614. 8 379.6 2021.9
1991 944. 2 771.7 286. 2 2002. 1
1992 836. 6 617.0 215.9 1659. 5
1993 768.0 529. 3 143.0 1440. 3
1994 800.0 635. 3 132. 4 1567.7
1995 607.5 589.5 127.6 1324.6
Thousands of Fish
1979 813.2 2593.0 904. 6 4310. 8
1980 1050. 5 2011.9 1172.5 4234.9
1981 1376. 7 736.0 710. 6 2823. 3
1982 1142. 4 2242.3 1238. 9 4623. 6
1983 776.9 1185. 8 723.3 2686. 0
1984 743. 2 1998. 2 692. 6 3343.0
1985 679.1 1780.0 595. 2 3054. 3
1986 789.7 1053. 3 562. 4 2405. 4
1987 609. 4 1501.5 673.7 2784. 6
1988 912.0 1582. 6 1028. 0 3522.6
1989 1197.5 1294. 4 765. 1 3257.0
1990 1476. 9 773.0 658. 6 2908. 5
1991 1086. 8 972.0 506. 3 2565. 1
1992 1037.6 866. 7 386.0 2290. 3
1993 986. 6 638. 8 213.8 1839. 2
1994 859. 2 714. 1 208.1 1781. 4
1995 601. 8 618. 2 190. 3 1410. 3
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Tabl e 3.

Estimat ed paraneters for von Bertal anffy growt h equati on
with U S southern Atlantic black sea bass data from
1978-1995. Standard error given parenthetically bel ow
estimate [TL(in) =L (1 - exp(-k(age - t,)))]. Sex-based
growt h equati ons based on data from1978-1982 i ncl usi ve.

Type n L. k t,
Unwei ght ed Dat a

Al 'l 17729 32.50 0. 077 -1.44
(1.54) (0. 005) (0.07)
Wi ght ed Dat a®

Al 'l 17729 18. 31 0. 229 -0. 26
(0.08) (0. 003) (0.03)

Femal e 5518 28.74 0. 070 -2.23
(1.27) (0. 005) (0.12)

Tr ans 2161 18. 60 0.176 -1.28
(0. 34) (0.010) (0. 13)

Mal e 3202 17.54 0. 265 -0.24
(0. 14) (0. 009) (0.06)

a

Wi ghted by inverse of nunber of fish at each age.
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Table 4. U. S. southern Atlantic black sea bass catch-in-nunbers-at-age (in thousands) matrices for
ages 1 through 8+ (and total nunbers) and years 1979 through 1995. Total catch in weight
(thousands of pounds) are also presented. Note that 5% of catch-release recreationally
caught fish (type B2 fish from MRFSS) are included in estimtes by nunber (nobdal age
underlined).

Year Age (yr) Nunber Vi ght
0 1 2 3 4 5 6 7 8+ (1000) (1000 1 bs)
1979 2.4 303. 2 1381.4 1250. 2 710.5 360. 2 229. 2 54.7 19.1 4310. 9 2433. 2
1980 7.8 160. 3 799. 1 1715.1 1016. 9 321. 3 149.5 34.3 30.6 4234.9 3585. 6
1981 6.4 232. 4 632. 2 819.7 729. 2 278. 2 83.9 29.9 11.6 2823. 4 2285.0
1982 6.0 246. 8 1213.9 1539. 7 1236.1 264.0 95.6 17.5 3.9 4623. 6 2888. 4
1983 3.0 293.0 795.7 837.5 522.5 206. 8 22.6 3.8 1.2 2686. 0 1853. 5
1984 5.8 54.5 388. 6 1098. 2 1298.4 436. 3 139.7 10.6 1.9 3434.0 2802.1
1985 23.8 350. 4 616. 7 984. 6 791. 4 240. 7 42. 5 3.0 1.0 3054. 3 2136. 6
1986 0.0 126.5 891. 6 547. 4 505. 4 270.5 52.6 9.2 2.2 2405. 4 1746. 3
1987 0.0 228.0 686. 0 1012. 7 512.6 252. 3 67.5 23.6 1.9 2784.7 2252. 8
1988 3.3 71.8 727. 4 1024.1 1122.3 397. 4 124.0 47. 2 5.1 3522.5 2918. 4
1989 4.4 83.0 470. 5 1191.6 1010. 5 395.5 74.9 17.6 9.1 3257.0 2483. 2
1990 0.0 38.9 556. 9 1134. 3 685. 1 329. 2 124. 8 32.5 6.8 2908.5 2021.9
1991 0.0 52.2 637.9 1001.5 505. 6 275.9 72.2 14.0 6.0 2565.1 2002. 1
1992 0.0 11.2 489. 1 893.9 491. 8 316. 2 74.7 4.8 8.6 2290. 3 1659. 5
1993 0.1 25.0 383. 0 829.5 344.9 184. 4 59.5 6.0 6.8 1839. 3 1440. 3
1994 0.0 10. 4 183. 3 397.3 832.8 217.6 116. 8 15.8 7.2 1781. 3 1567.7
1995 0.0 8.4 219. 8 411.5 336.0 309.1 111.8 8.7 5.0 1410. 3 1324. 6

42



Table 5. U S. southern Atlantic black sea bass catch-per-effort in nunbers-at-age from
di fferent MARMAP gears for ages 1 through 8+ (and total numbers) available for
years 1979 through 1995 (nodal age underli ned).

Year Age (yr) CPE
0 1 2 3 4 5 6 7 8+

Hook- and- Li ne

1979 0. 02 1.87 9.80 10. 71 5. 26 2.41 1.81 0. 47 0.14 32.50
1980 0.02 0.43 3.53 9.61 5.82 1.98 0. 90 0.21 0. 08 22.59
1981 0.0 0. 65 6. 40 8.31 4. 85 1.29 0.29 0. 10 0. 03 21. 92
1982 0.0 2. 05 14. 49 12. 94 8. 97 1.63 0.61 0.13 0. 03 40. 86
1983 0.01 2.92 13. 88 11. 22 4.98 1. 97 0.29 0. 09 0. 02 35. 38
1984 0.0 0.35 11. 28 20. 92 9. 95 2.93 0.84 0.05 0.0 46. 31
1985 0. 02 2.02 5.91 10. 54 5.91 1.79 0.32 0. 03 0.01 26. 55
1986 0.0 1.18 8. 05 5.73 4.77 2. 30 0. 37 0.12 0.01 22.52
1987 0.0 2.93 6. 95 8.11 3.39 1.42 0.21 0. 05 0.0 23. 07
1988 0.0 0.29 1.47 1.22 0.79 0.22 0. 05 0.02 0.0 4.07
1989 0.0 0.22 1.26 1. 77 0.90 0. 25 0.03 0.0 0.0 4. 43
1990 0.0 0.17 1.44 2. 27 1.14 0. 48 0.18 0.03 0.0 5.70
1991 0.0 0. 46 1.24 1.25 0. 56 0.22 0. 03 0.01 0.0 3.75
1992 0.0 0.31 2. 48 2.21 0. 95 0.48 0. 07 0.0 0.0 6. 50
1993 0.0 0.95 2. 80 2.76 0. 82 0.41 0.11 0.01 0.0 7.85
1994 0.0 0. 27 1.21 0.99 1.33 0.18 0. 07 0.01 0.0 4.06
1995 0.0 0. 20 1.34 1. 05 0.54 0.32 0. 06 0.0 0.0 3.50
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Table 5. (cont.)

Year Age (yr)

0 1 2 3 4 5

Bl ackfish Trap

1979 0.0 0.10 1.41 2. 85 1.47 0
1980 0.0 0.02 0. 58 3.49 2.32 0
1981 0.0 0. 06 1.62 3.43 2. 36 0
1982 0.0 0. 29 2.45 2.50 1.56 0
1983 0.0 0.28 2. 80 2.74 0. 94 0
1984 0.0 0. 04 1.13 3.55 1.43 0
1985 0.0 0.23 1.09 4. 07 2.28 0
1986 0.0 0.18 1.86 1.88 1.42 0
1987 0.0 0.33 1.72 3. 07 1.12 0
1988 0.0 0. 09 0. 83 1.09 0.91 0
1989 0.0 0. 05 0. 64 1.50 0.97 0
Fl ori da Snapper Trap
1980 0.0 0.38 3.34 7.43 2.92 0.
1981 0.0 0. 20 2.68 3.35 2. 06 0.
1982 0.0 2. 05 10. 66 5.62 3.15 0.
1983 0.0 1.25 6. 07 3.15 1.07 0.
1984 0.0 0.76 5.02 4.29 1.16 0.
1985 0.01 2. 06 5. 64 5.90 2. 30 0.
1986 0.01 0.96 5.42 2.18 1.42 0.
1987 0.0 2. 05 3.72 2.95 0. 90 0.
1988 0.01 0.58 2.51 1.42 0. 55 0.
1989 0.0 0. 15 1.06 1.01 0. 50 0.

coocoo0000000
coocooo00000
coocoooo00000
WROPDONNOND

cooooo0000

cooo0000000
©co0o00000000
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Table 5. (cont.)

Year Age (yr) CPE
0 1 2 3 4 5 6 7 8+
Chevron Trap
1988 0.01 1.10 5. 63 3.99 1.80 0. 40 0.07 0.03 0.0 13. 04
1989 0.0 0. 30 4. 68 4.91 2. 07 0. 48 0.08 0.02 0.0 12.54
1990 0.0 0.99 5.22 5.47 1.97 0.70 0.24 0.04 0.0 14. 65
1991 0.0 1.99 5.55 3.42 1.26 0. 37 0.03 0.01 0.0 12. 62
1992 0.0 0. 50 5.19 3. 64 1.38 0. 60 0.10 0.0 0.0 11. 42
1993 0.0 1.12 3. 07 2.05 0. 46 0.19 0.05 0.0 0.0 6. 95
1994 0.0 0.41 3. 57 2. 17 2.49 0.29 0.14 0.01 0.0 9. 08
1995 0.0 1.38 5. 80 2.10 0. 88 0. 44 0.06 0.01 0.0 10. 66
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Table 6. Mean estinmates of age-specific instantaneous fishing nortality rate (F) on U. S
southern Atlantic black sea bass for three tine periods using separable virtual
popul ati on anal ysis (SVPA). Correspondi ng exploitationrates givenin parentheses

[u = F(1-e9/Z7]. Estimates given for different assumed |evels of natural
nortality.
Nat ur al
Mortality Age (yr)
M 1 2 3 4+
1979- 1985
0.2 0. 03 (0.03) 0.24 (0.20) 0.62 (0.42) 1.20 (0.64)
0.3 0.02 (0.02) 0.21 (0. 16) 0.55 (0.37) 1.11 (0.59)
0.4 0.02 (0.01) 0.17 (0.13) 0.49 (0.32) 1.01 (0.53)
1986- 1990
0.2 0.02 (0.02) 0.17 (0. 14) 0. 43 (0. 32) 0.84 (0.52)
0.3 0.01 (0.01) 0.14 (0.11) 0.38 (0.27) 0.76 (0.47)
0.4 0.01 (0.01) 0.11 (0. 09) 0.32 (0. 23) 0.67 (0.41)
1991- 1995
0.2 0.02 (0.02) 0.17 (0. 14) 0.43 (0. 32) 0.86 (0.53)
0.3 0.01 (0.01) 0.14 (0. 11) 0.36 (0.27) 0.76 (0.47)
0.4 0.01 (0.01) 0.11 (0.08) 0.31 (0.22) 0.66 (0.41)
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Table 7. Mean estinates of age-specific instantaneous fishing nortality rate (F) on U. S
southern Atlantic black sea bass for three tinme periods using FADAPT virtual
popul ati on analysis. Corresponding exploitation rates given in parentheses [u =
F(1-e%/Z. Estimates given for different assuned |levels of natural nortality.

Nat ur al
Mortality Age (yr)
M 1 2 3 4+
1979- 1985
0.2 0.04 (0.04) 0.22 (0.18) 0.55 (0.37) 1.15 (0. 62)
0.3 0.03 (0.03) 0.18 (0.15) 0.48 (0.33) 1.06 (0.57)
0.4 0.03 (0.02) 0.15 (0.12) 0.43 (0.28) 0.97 (0.52)
1986- 1990
0.2 0.02 (0.02) 0.19 (0.16) 0.48 (0. 35) 0.97 (0.56)
0.3 0.02 (0.02) 0.16 (0.13) 0.43 (0.30) 0.89 (0.51)
0.4 0.01 (0.01) 0.13 (0.10) 0. 38 (0. 26) 0.82 (0.46)
1991- 1995
0.2 0.01 (0.01) 0.20 (0.17) 0.56 (0.39) 1.03 (0.59)
0.3 0.01 (0.01) 0.18 (0. 14) 0.50 (0. 34) 0.96 (0.54)
0.4 0.01 (0.00) 0.15 (0.12) 0.45 (0. 30) 0.89 (0.49)
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Tabl e 8.

Equilibrium yield per recruit (YPR) and spawning
potential ratio (SPR) of U S. southern Atl antic bl ack sea
bass based on nean age-specific fishing nortality rates
for three periods (1979-1985, 1986-1990 and 1991-1994)
from separable virtual population analysis (SVPA).
Estimates based on separate Von Bertalanffy growth
paraneters for fermal es and mal es.

Nat ur al YPR Spawni ng Potential Ratio Per cent
Mortality (1 bs) Tot al Femal e Eggs Mal e Mal e?
1979- 1985
0.2 0. 35 13 35 42 7 50
0.3 0. 27 24 51 56 13 60
0.4 0. 20 37 62 67 22 68
1986- 1990
0.2 0. 38 16 40 47 9 54
0.3 0. 27 29 57 62 18 64
0.4 0.19 43 69 73 28 72
1991- 1994
0.2 0. 38 17 40 47 10 54
0.3 0. 27 30 57 63 18 64
0.4 0.19 44 69 74 29 73
& Percent relative reduction in nunbers of mature nal es between

fi shed and unfi shed conditi ons.
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Tabl e 9.

Equilibrium yield per recruit (YPR) and spawning
potential ratio (SPR) of U S. southern Atl antic bl ack sea
bass based on nean age-specific fishing nortality rates
for three periods (1979-1985, 1986-1990, and 1991-1994)
f romFADAPT vi rtual popul ati on anal ysis. Estinmates based
on separate Von Bertal anffy growt h paranmeters for femal es
and mal es.

Nat ur al YPR Spawni ng Potential Ratio Per cent
Mortality  (Ibs) Tot al Fermal e Eggs Mal e Mal e ?
1979- 1985
0.2 0. 36 14 36 43 7 51
0.3 0. 27 25 52 57 14 60
0.4 0. 20 37 63 68 23 69
1986- 1990
0.2 0. 37 15 38 45 8 53
0.3 0. 27 27 54 60 16 62
0.4 0.19 40 66 70 25 71
1991- 1994
0.2 0. 37 15 38 45 8 52
0.3 0. 27 26 53 59 15 61
0.4 0. 20 39 65 70 24 70
& Percent relative reduction in nunbers of mature nal es between

fi shed and unfi shed conditi ons.
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Tabl e 10. Biological reference points devel oped fromequilibrium
yield per recruit (YPR) and spawning potential ratio
(SPR) anal yses for U. S. southern Atlantic bl ack sea bass
estimated from output from FADAPT (wi th correspondi ng
SVPA estimates in parenthesis).

Bi ol ogi cal
Ref er ence Natural Mrtality (M
Poi nt 0.2 0.3 0.4
YPR:
Fo 1 0.3 (0.3 0.4 (0.4) 0.5 (0.5)
Froax 0.5 (0.4 0.8 (0.8) 1.4 (1.4
SPR:
Fenal e:
Fio >2.5 (>2.5) >2.5 (>2.5) >2.5 (>2.5)
F.o >2.5 (>2.5) >2.5 (>2.5) >2.5 (>2.5)
Fso 1.8 (1.8) >2.5 (>2.5) >2.5 (>2.5)
Mal e
Fio 0.8 (0.8) 1.6 (1.7) >2.5 (>2.5)
F.o 0.4 (0.4) 0.7 (0.7) 1.1 (1.2
Fso 0.2 (0.2 0.4 (0.4) 0.6 (0.6)
Tot al
Fio 2.1 (2.1) >2.5 (>2.5) >2.5 (>2.5)
F.o 0.6 (0.6) 1.6 (1.7) >2.5 (>2.5)
Fzo 0.3 (0.3) 0.7 (0.7) 1.7 (1.7
oserved Full F
by Peri od:
1979- 85 1.1 (1.2 1.1 (1.1 1.0 (1.0
1986- 90 1.0 (0.8) 0.9 (0.8) 0.8 (0.7
1991- 95 1.0 (0.9 1.0 (0.8) 0.9 (0.7
(1991-94) 1.0 (0.8) 0.9 (0.7 0.8 (0.6)
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